REMARKS 
Amendments 

Claims 1-23, 27, 31 and 33 have been canceled, claims 24-26, 28-30 and 32 have been 
amended, and claims 34-40 have been added. Upon entry of the amendment, claims will be 
pending. Support for the added claims can be found in the specification, for example, on page 7, 
lines 17-20; Figure 2B; and in the claims as originally filed. 

The foregoing amendments are made solely to expedite prosecution of the application 
and are not intended to limit the scope of the invention. Further, the amendments to the claims 
are made without prejudice to the pending or now canceled claims or to any subject matter 
pursued in a related application. The Applicant reserves the right to prosecute any canceled 
subject matter at a later time or in a later filed divisional, continuation, or continuation-in-part 
apphcation. 

Rejections 

Rejections under 35 U.S.C § 101/112 paragraph 

The Examiner has rejected claims 24-33 because the claimed invention is allegedly not 
supported by either a specific or substantial asserted utility or a well-established utility. 

Applicant respectfully traverses the rejection. Amended claim 24 is drawn to a 
transgenic mouse comprising a null TMT allele, where the allele comprises SEQ ID N0:1 and 
the null allele comprises exogenous DNA. The exogenous DNA can be, for example, a selection 
marker and/or a visible marker. According to 35 U.S.C. § 101, "[wjhoever invents . . . any new 
and useful . . . composition of matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 

If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utiUty, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (i) a person of 
ordinary skill in the art would immediately appreciate why the invention is useful 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial, and credible. 



If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose (i.e., it has a "specific and substantial utility") and the assertion 
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would be considered credible by a person of ordinary skill in the art , do not 
impose a rejection based on lack of utility . 



(emphasis added)(MPEP § 2107, II (A)(3); II (B)(1)). Thus, according to Patent Office 
guidelines, a rejection for lack of utility may not be imposed where an invention has a well- 
established utility or is useful for any particular practical purpose. The present invention 
satisfies either standard. 

The present invention has a well-established utility since a person of ordinary skill in the 
art "would immediately appreciate why" knockout mice are useful. As a general principle, any 
knockout mouse has the inherent and well-established utility of defining the function and role of 
the disrupted target gene, regardless of whether the inventor has described any specific 
phenotypes, characterizations or properties of the knockout mouse. The sequencing of the 
human genome has produced countless genes whose function has yet to be determined. 
According to the National Institute of Health, knockout mice represent a critical tool in studying 
gene function: 

Over the past century, the mouse has developed into the premier mammalian 
model system for genetic research . Scientists from a wide range of biomedical 
fields have gravitated to the mouse because of its close genetic and physiological 
similarities to humans, as well as the ease with which its genome can be 
manipulated and analyzed. 



In recent decades, researchers have utilized an array of innovative genetic 
technologies to produce custom-made mouse models for a wide array of specific 
diseases, as well as to study the function of targeted genes . One of the most 
important advances has been the ability to create transgenic mice, in which a new 
gene is inserted into the animal's germline. Even more powerful approaches, 
dependent on homologous recombination, have permitted the development of 
tools to "knock out" genes, which involves replacing existing genes with altered 
versions ; or to "knock in" genes, which involves altering a mouse gene in its 
natural location. To preserve these extremely valuable strains of mice and to 
assist in the propagation of strains with poor reproduction, researchers have taken 
advantage of state-of-the-art reproductive technologies, including 
cryopreservation of embryos, in vitro fertilization and ovary transplantation. 
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r http ://www, genome, go v/pfv.cfm?pageid= 1 0005 8 34 ) (emphasis added). Thus, the 
knockout mouse has been accepted by the NIH as the premier model for determining gene 
function, a utiUty that is specific, substantial and credible. 

Knockout mice are so well accepted as tools for determining gene function that the 

director of the NIH Chemical Genomics Center of the National Human Genome Research 

Institute (among others, including Capecchi, Bradley, Joyner, Nagy and Skames) has proposed 

creating knockout mice for all mouse genes: 

Now that the human and mouse genome sequences are known, attention has turned 
to elucidating gene function and identifying gene products that might have therapeutic 
value. The laboratory mouse (Mus musculus) has had a prominent role in the study of 
human disease mechanisms throughout the rich. 100-year history of classical mouse 
genetics , exemplified by the lessons leamed from naturally occurring mutants such as 
agouti, reeler and obese. The large-scale production and analysis of induced genetic 
mutations in worms, flies, zebrafish and mice have greatly accelerated the understanding 
of gene function in these organisms. Among the model organisms, the mouse offers 
particular advantages for the study of human biology and disease: (i) the mouse is a 
mammal and its development, body plan, physiology, behavior and diseases have much 
in common with those of humans; (ii) almost all (99%) mouse genes have homologs in 
humans; and (iii) the mouse genome supports targeted mutagenesis in specific genes by 
homologous recombination in embryonic stem (ES) cells, allowing genes to be altered 
efficiently and precisely . 



A coordinated project to systematically knock out all mouse genes is likely to be of 
enormous benefit to the research community, given the demonstrated power of knockout 
mice to elucidate gene function , the fi-equency of unpredicted phenotypes in knockout 
mice, the potential economies of scale in an organized and carefully planned project, and 
the high cost and lack of availability of knockout mice being made in current efforts. 

(Austin et al. Nature Genetics (2004) 36(9):921-24, 921)(emphasis added)(copy 
attached). 

With respect to amended claims drawn to transgenic mice having a null allele, the 
following comments from Austin are relevant: 
Null-reporter alleles should be created 

The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
for studying the function of every gene . Inserting a reporter gene (e.g., P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
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support the expression of that gene, 
(p. 922)(emphasis added). 

According to the Molecular Biology of the Cell (Albert, 4^*" ed., Garland Science (2002)), 

one of the leading textbooks in the field of molecular biology: 

Extensive collaborative efforts are underway to generate comprehensive libraries of 
mutation in several model organisms including ... the mouse. The ultimate goal in each 
case is to produce a collection of mutant strains in which every gene in the organism has 
either been systematically deleted, or altered such that it can be conditionally disrupted. 
Collections of this type will provide an invaluable tool for investigating gene function on 
a genomic scale. 

(p. 543)(emphasis added). 

According to Genes VII (Lewin, Oxford University Press (2000)), another well respected 

textbook in the field of genetics: 

The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding fi*om an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene. This is a 
powerful method to investigate directly the importance and function of the gene . 

(p. 508)(emphasis added). 

Research tools such as knockout mice are clearly patentable, as noted by the Patent 

Office: 

Some confusion can result when one attempts to label certain types of inventions 
as not being capable of having a specific and substantial utility based on the 
setting in which the invention is to be used. One example is inventions to be used 
in a research or laboratory setting. Many research tools such as gas 
chromato graphs, screening assays, and nucleotide sequencing techniques have a 
clear, specific and unquestionable utiUty (e.g., they are useful in analyzing 
compounds) . An assessment that focuses on whether an invention is useful only 
in a research setting thus does not address whether the invention is in fact "useful" 
in a patent sense. Instead, Office personnel must distinguish between inventions 
that have a specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm. Labels such as 
"research tool," "intermediate" or "for research purposes" are not helpful in 
determining if an applicant has identified a specific and substantial utility for the 
invention. 
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(MPEP § 2107.01, 1). As with gas chromatographs, screening assays and nucleotide 
sequencing techniques, knockout mice have a clear, specific and unquestionable utility (e.g., they 
are useful in analyzing gene function). 

In addition, commercial use and acceptance is an important indication that the utility of 
an invention has been recognized by one of skill in the art ("A patent system must be related to 
the world of commerce rather than to the realm of philosophy." Brenner v Manson, 383 U.S. 
519, 148 U.S.P.Q. 689, 696 (1966)). Commercial use of the knockout mice produced by 
Assignee Deltagen has been clearly estabhshed. At least two large pharmaceutical companies 
have ordered the presently claimed transgenic mouse. This commercial acceptance more than 
satisfies the practical utility requirement of section 101 as it cannot be reasonably argued that a 
claimed invention which is actually being commercially used has no use (see, for example, 
Phillips Petroleum Co. v. U.S. Steel Corp., 673 F. Supp. 1278, 6 U.S.P.Q.2d 1065, 1104 (D. Del. 
1987), affd, 865 F.2d 1247, 9 U.S.P.Q.2d 1461 (Fed. Cir. 1980)C'lack of practical utility cannot 
co-exist with infringement and commercial success); (Lipscomb's Walker on Patents, §5:17, p. 
562 (1984)("UtiHty may be evidenced by sales and commercial demand.") 

Applicant submits that since one of ordinary skill in the art would immediately recognize 
the utility of a knockout mouse in studying gene function, a utility which is specific, substantial 
and credible, the invention has a well-established utility, thus satisfying the utility requirement of 
section 101. On this basis alone, withdrawal of the rejection with respect to the present invention 
is warranted, and respectfully requested. 

In addition, the claimed invention is useful for a particular purpose. The claimed mice 
exhibit decreased body weight, decreased thymus weight, decreased thymus weight to body 
weight ratio and/or increased pre-pulse inhibition. One of skill in the art would recognize that 
these mice are useful for studying the association of the TMT gene with any one of these 
phenotypes. 

The Examiner argues that there is no evidence that the TMT gene or the cited phenotypes 
are associated with any disease. The Examiner's arguments are similar to arguments made by 
the Patent Office with respect to pharmaceutical compounds the utihty of which were based on 
murine model data, arguments which were dismissed by the Federal Circuit in In re Brana (34 
U.S.P.Q.2d 1436)(Fed. Cir. 1995). The case involved compounds that were disclosed to be 
effective as anti-tumor agents and had demonstrated activity against murine lymphocytic 
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leukemias implanted in mice. The court ruled that the PTO had improperly rejected, for lack of 
utility, claims for pharmaceutical compounds used in cancer treatment in humans, since neither 
the nature of invention nor evidence proferred by the PTO would cause one of ordinary skill in 
art to reasonably doubt the asserted utility. 

The first basis for the Board's holding of lack of utihty (the Board adopted the 
examiner's reasoning without any additional independent analysis) was that the specification 
failed to describe any specific disease against which the claimed compounds were usefiil, and 
therefore, absent undue experimentation, one of ordinary skill in the art was precluded fi"om 
using the invention. (In re Brana at 1439-40). The Federal Circuit reasoned that the leukemia 
cell lines were originally derived from lymphocytic leukemias in mice and therefore represented 
actual specific lymphocytic tumors. The court concluded that the mouse tumor models 
represented a specific disease against which the claimed compounds were alleged to be effective. 
{In re Brana at 1440). 

The Board's second basis was that even if the specification did allege a specific use, the 
applicants failed to prove that the claimed compounds were useful. 

The Federal Circuit responded: "[A] specification disclosure which contains a teaching of 
the manner and process of making and using the invention in terms which correspond in scope to 
those used in describing and defining the subject matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first paragraph of Section 112 unless there is 
reason to doubt the objective truth of the statements contained therein which must be relied on 
for enabling support." {Brana at 1441, citing In re Marzocchi, 439 F.2d 220, 223, 169 USPQ 
367, 369 (CCPA 1971)). From this it followed that the PTO has the initial burden of 
challenging a presumptively correct assertion of utility in the disclosure. Only after the PTO 
provides evidence showing that one of ordinary skill in the art would reasonably doubt the 
asserted utility does the burden shift to the applicant to provide rebuttal evidence sufficient to 
convince such a person of the invention's asserted utility. {Id,) 

The court held that the Patent Office had not met its burden. The references cited by the 
Board did not question the usefulness of any compound as an antitumor agent or provide any 
other evidence to cause one of skill in the art to question the asserted utility of applicants* 
compounds. Rather, the references merely discussed the therapeutic predictive value of in vivo 
murine tests — relevant only if the applicants were required to prove the ultimate value in 
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humans of their asserted utility . The court did not find that the nature of the invention alone 
would cause one of skill in the art to reasonably doubt the asserted usefulness. The purpose of 
treating cancer with chemical compounds did not suggest an inherently unbelievable undertaking 
or involve implausible scientific principles . (Id.) 

The Court concluded that one skilled in the art would be without basis to reasonably 
doubt the asserted utiHty on its face. The PTO had not satisfied its initial burden. Accordingly, 
the applicants should not have been required to substantiate their presumptively correct 
disclosure to avoid a rejection under the first paragraph of Section 1 12. (Id.) 

As in Brana, Applicant has asserted that the claimed invention is useful for a particular 
practical purpose, an assertion that would be considered credible by a person of ordinary skill in 
the art. As discussed above, the claimed mice have demonstrated specific phenotypes. The 
acceptance among those of skill in the art of knockout mice demonstrating such properties is 
clearly demonstrated. 

Definitive proof that the phenotypes observed in the null mouse would be the same as 
those observed in humans is not a prerequisite to satisfying the utility requirement. It is enough 
that knockout mice are recognized in the art as models for determining gene function. As noted 
by Austin et al.: 

Among the model organisms, the mouse offers particular advantages for the study of 
human biology and disease: (i) the mouse is a mammal and its development, body plan, 
physiology, behavior and diseases have much in common with those of humans ; (ii) 
almost all (99%) mouse genes have homologs in humans ; and (iii) the mouse genome 
supports targeted mutagenesis in specific genes by homologous recombination in 
embryonic stem (ES) cells, allowing genes to be altered efficiently and precisely. 

(p. 921)(emphasis added). Moreover, the tests used by Apphcant to determine the 
asserted phenotypes are well recognized by those skilled in the art. In Brana, the claimed 
compound had demonstrated activity against a murine tumor implanted in a mouse. Yet, the 
Federal Circuit found that utility had been demonstrated. Here, the invention relates to a 
disruption in a murine gene in a mouse. Like the tumor mouse model, the knockout mouse with 
a specific gene disrupted is a widely accepted model, the utility of which would be readily 
accepted in the art. It is submitted that one skilled in the art would be without basis to be 
reasonably doubt Applicant's asserted utiUty, and therefore the Examiner has not satisfied the 
initial burden. 
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In addition, the claimed transgenic mice are useful for studying gene expression. The 
heterozygous mice within the scope of claim 24 contain a visible marker such as lacZ. Their use 
in studjdng gene expression is clearly recognized by those skilled in the art: 

Null-reporter alleles should be created 

The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
for studying the function of every gene. Inserting a reporter gene (e.g., P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
support the expression of that gene . 

(Austin et al. Nature Genetics (2004) 36(9):921-24, 922)(emphasis added)(copy 
attached). Applicant reminds Examiner that a claimed invention need only satisfy one of its 
stated objectives to satisfy the utility and enablement requirements. 

In sunmiary. Applicant submits that the claimed transgenic mouse, regardless of any 
disclosed phenotypes, has inherent and well-estabUshed utility in the study of the function of the 
gene, and thus satisfies the utiUty requirement of section 101. Moreover, Applicant believes that 
the transgenic mice are useful for studying TMT gene function with respect to the cited 
phenotypes as well as studying gene expression; and are therefore useful for a specific practical 
purpose that would be readily understood by and considered credible by one of ordinary skill in 
the art. 

In light of the arguments set forth above, Applicant does not believe that the Examiner 
has properly estabhshed a prima facie showing that establishes that it is more Hkely than not that 
a person of ordinary skill in the art would not consider that any utility asserted by the Applicant 
would be specific and substantial. {In re Brana; MPEP § 2107). 

Withdrawal of the rejections is respectfully requested. 

Rejections under 35 U.S.C. § 112, paragraph 

Claims 24-33 have been rejected for lack of enablement, as the claimed invention 
allegedly lacks utility. As set forth above, it the Applicant's position the claimed invention 
satisfies the utility requirement and therefore one skilled in the art would clearly know how to 
use the invention. 

The Examiner argues that the phenotype of a transgenic mouse is unpredictable. 
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It appears that the portions of the references (such as Doetschman) cited in support of the 

Examiner's position relate to predicting a priori the phenotype of a transgenic mouse. Applicant 

submits that predicting a phenotype of a mouse must be distinguished from the situation where 

the mouse has already been produced and the question is one of reproducibility. Furthermore, 

rather than detract or negate, the cited references support the Applicant's positions with respect 

to utility and enablement. For example, Doetschman states: 

The conclusions will be that the knockout phenotvpes do. in fact, provide accurate 
information concerning gene function , that we should let the unexpected phenotypes lead 
us to the specific cell, tissue, organ culture, and whole animal experiments that are 
relevant to the function of the genes in question, and that the absence of phenotype 
indicates that we have not discovered where or how to look for a phenotype. 

(p.l37)(emphasis added). 

The Examiner also argues that phenotypic differences may result from genotypic 
differences. Applicant submits that the data on which conclusions regarding phenotype were 
based, was derived from experiments using gender, age and strain matched control mice. 
Genotypic variances do not appear to be relevant. 

Li addition, enablement must be determined with respect to the claimed invention. Claim 
24 as amended does not recite the function of the gene or its product, nor does it recite the 
phenotype of the transgenic mouse. AppUcant has enabled one of skill in the art to produce a 
transgenic mouse having a null TMT allele. The methods direct one how to make targeting 
vectors which are capable of introducing disruptions into the TMT gene, using for example, a 
genomic library and long range PCR. Utilizing the sequence information contained in SEQ ID 
N0:1, one would be able to design primers for generating a construct which is capable of 
homologously recombining with the target gene. With regard to predictability of the phenotype, 
which is no longer a limitation of claim 24, it is a general rule that a gene containing a disruption 
produced as described in the specification (via replacement vector) will result in a null allele 
(total loss of gene function)(Joyner ed.. Gene Targeting: A Practical Approach, 2"^ ed., Oxford 
Univ. Press, 2000; p. 5). Therefore, the claimed invention is fully enabled as there would not be 
undue experimentation in making or using the invention. 

Withdrawal of the rejections is respectfully requested. 

Rejections under 35 U.S.C. § 112, 2"^^ paragraph 
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Claims 28 and 29 stand rejected as being indefinite. 

Specifically, claim 28 is rejected as there is no antecedent basis for a mouse comprising a 



homozygous disruption in claim 27. The claim has been amended. 

Claim 29 has been rejected as omitting certain steps. The claim has been amended. 

Applicant submits that the claims as amended satisfy the definiteness requirement and 
respectfully request withdrawal of the rejections. 

In view of the above amendments and remarks, Applicant respectfully requests a Notice 
of Allowance. If the Examiner believes a telephone conference would advance the prosecution 
of this application, the Examiner is invited to telephone the undersigned at the below-listed 
telephone number. 

The Commissioner is hereby authorized to charge any deficiency or credit any 
overpayment to Deposit Account No. 13-2725. 



Respectfully submitted, 





PATENT TRADEMARK OFFICE 



26619 



John E. Burke, Reg. No. 35,836 
Merchant & Gould P.C. 
P.O. Box 2903 

Minneapolis, MN 55402-0903 
(303) 357-1637 
(303) 357-1671 (fax) 
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The Knockout Mouse Project 

Mouse knockout technology provides a powerful means of elucidating gene function m W/o, and a publicly available 
genome-wide collection of mouse knockouts would be significantly enabling for biomedical discovery. To date^ published 
knockouts exist for only about 10% of mouse genes. Furthermore, many of these are limited In utility because they have 
not been made or phenotyped In standardized ways« and many are not freely available to researchers. It {s time to harness 
new technologies and efficiencies of production to ntount a high-throughput international effort to produce and 
phenolize knockouts for all mouse genes ^ and place these resources into the public domain. 



8 



Now that the human and mouse ^nome 
stquenctfs are known atieiuion has vurn«d 
to clucklatiiig gene function and idenilfying 
geiK t)n3<iu<:t$ \h.tx tni^t have thctj^nruuc 
value. The laboratory mottw {Muf tttutt^nlus} 
ha* ha4 a prominent role in the midy of 
humin dt&ea.^ median i-wns throughout the 
richt 1 00- year htsLory ofclassica] mou$c genet- 
ICS, ciempUfic<! by the Icssonj learned from 
naturally occurring mutants such as agoutiS 
rcder^ and obese^. The large-scale production 
and anal^'Kiit of induced genetic miitatlon$ in 
wvTins* z^TaHxh and mice have greatly 
accetefated the Litiderstamlinj^ of ^nc ^nctton 
in these organisnii. Among the mode! organ- 
isms, the mou&e offers piarticulair advantages 
for the MuUy of human biology and di^ase; Ci) 
the inou«r is a niamnul and its deviflopment, 
bod)' plan,^ physJoJngy, behavior and diseases 
have much sn common with those of humanj; 
(ii) alnvosL all (99%) mouse genes have 
honioJo;g^ in humaru; and iiii) the mouse 
genome supports targeted mutagenesis in spe- 
cific gcncii by homologous recoa-nbinatjon in 
embryonic litem {ES) cells, ailow'ing gen» to be 
altered cQictcntly and precisely 

The ability to divrupt, or knock out, a spe- 
cific gene in £$ celU and mice wa$ developed 
in the late 1980s (ref. 7), and the use of knock- 
out mice has led to many i nsights into human 
biology and disease*"''. Current tedmoluiiy 
also pcrniiu insfl-tian of V^orter' gene* into 
the knocJccd-out gene, which can then be 
used to determine the temporal and $p^tial 

Tit* Compteiuimhv Kfta^kout Moute 
Projett Contort'mm* 

^Authors mid tlicW affiiUiHon* are Vtited at the 
end of the pitpi^r. 



expresjdon pattern of the kiiockcd-aut gene in 
nu^use tissues, ^uch marking of ccUs by a 
reporter gene facilLtate^i the Identificatiiin of 
new cell types according to their gene expres- 
sion patierm and allows further characterrza- 
tton of marked tissue* a rtd single cells. 

Apprecwttion of the power of ntouse gtnet* 
icj to infornj the sjudy of mim mafia n physt- 
olog)'and dUease. coupled with the advent of 
the mouse genome scqvience and the eas^ of 
producing mutated aUde*, has catalyzed pub- 
lic and private sector mitiati\'e& to produce 
tnouK mutants on a large Kale, with the goal 
of eventually knocking out a jubstanlial por- 
tion of the mouse gciwrnis'***-^. Urge-jcale, 
publicly funded gene- trap program* have 
been luitiaied sn several countries* with ?he 
Inter national Gene Trap Consortium coordi- 
nating certain efibfts and resources^*"". 

Despite these et^brt^ the total number of 
knockout mice described in the literature Lt 
rclatividy modejtt. eorresponding lo only - 10% 
of the -25,000 n\ou*e ftetKS. The cuxatecl 
Mouse Knockout ik Mutation Database lists 
2«669 unique genes (C Kathbone, personal 
commuiucation)^ die curated Mouse Genome 
Database lists 2,&47 unique genes» and an 
analysts at Lexicon Cenetic* identified 2,492 
unique genes (H.Z.. unptibli,^hed data). MoU 
of thc^ knockouts arc not readily available to 
scientists who may want U> uJic tlKm in their 
researdi; for example* only 413 unique £cne^ 
are rq^r evented as targeted mutations in the 
lackson laboratory's Induced Mutant 
Resource database (S. Rockvvood. pcrsonid 
communicacion). 

The converging interest* of multiple njetfl* 
bers of tite genomics aimmunity ted to a iTt«ec- 
iilg to discuss the advisability and fcasibtlicy of 



a dedicated project to produce knockout a&eles 
for all mouse genes and pince them into the 
public domain. The meeting took place from 
30 Sqncnibc; to I October 2003 « die 
Banbury Conference Center at Cold Spring 
liarbor Laboratory. Tlie attendees of the nteet* 
ing are the authors of this paper. 

1$ a systematic project warranted? 

A coordiiiated project to ^y^rmaticaliy knock 
otii ait mouse genes is likely to be of cnprmau.s 
benefit to the research community, given the 
detnoiutraied power ofknockout mice to ctud- 
datc gene function, the frequency of unprc- 
dicted phenotypcs in knockout mioe» the 
potential economies of scale in an organ i/ed 
and ate^ll)' planned projecti and the high cost 
and lack of availability of knockout mice being 
made in current efforts. Moteover, implement- 
ing such a systematic and comprehensive plan 
will ^cady accelerate the translation of genome 
sequences into biological insights. Knockout £5 
cells and mice currcniiy avaiUhlc from the pub- 
lic and private sectors ^ou!d be incorporated 
uUo the genome-wide initiative as mudi as 
pimiblle, atihough some may be need to be pro* 
duofd again if thq- were made wittt suboptimal 
methods {e^^ not induding a marker) or if 
their use is restriaed by intellectual property or 
other oonsiraints. The advantages of juch a sys- 
tenjatic and coordinated effort indude cffjcicnt 
produoion wiUi reduced costv, uniform use of 
knnckowt methods, allowing for more compa- 
rability between knockuut mice; and ready 
access to mice> their derivativeit and data to all 
researchers wthout encumbrance. Sulutiom to 
the logistical^ crgantz.attonia] and tnfonnalicji 
issues associated with producing, characteriz- 
ing and distributing sudi a large nutnber of 
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Tier 2 phenotyping 



Transeriptbme analysis 



Tier 1 phenotyping 
Tissue expression anafysis 
Knockout mice 



ES cells 



Mouse genome sequence 



fliw \ Sti-ucture of resource prgductktn irv the prop(}s«d KO^^P. U^&irig t,h« mbuse i^^me MC^uence 
as a foundation. kntKikout alleges in £ScsUs mil be protiuced fw aSI genes. A subset cf ES ceM 
knock^'U be usetj each yew to (yoduce kiwxliout mice, ceter mif» t*ie wiwessjon pattern of the 
targeted gene in a variety of tissues and carry cut screening-level (Tier 1) phenotyiptng. In a subset of 
mouse firces, transcriplome analysts and more detailed systenvspecH^c (Iter 2} phenotyping will ^ 
dorie. Finally, specialized phef^^ctyping m\\ tw done on a smaller number ol mouse tinea wi^ 
particutarty interesting phejtotypes. AH stages win occur within the punnew of the KOMP except for the 
specialized phenolyprng, wttkh will occur in Individual taboratof ies with particular expertise. 



mice wiU draw frcwti the cxpcriaw of rebtwi 
projects m the private sector and in acadcmta> 
which have niade or phcnotypcd hundreds of 
knockout mice using a variety of techniques, 
t^csjkxns ic^-ncd from these ptiu|cct5 tndudethc 
need for icdundanc)^ at cadi step to mitigate 
pipdinc bottlenecks and the need for robust 
informdtici s)'Slcm$ to track ^ productkm^ 
art^tis, maicitetuitce ahd distribu tion of thou- 
SHindjh of (argedng constructs, ES cdls and nuce. 

NtilUreporter^lol^ n^uM bo created 
The project should gcncrAic alkies ihat arc 
as uniform as possible^ to aI3ow efficient pro- 
ductian and comparison of mouse phono- 
l)*pcs. The altcies should achieve a baUnce of 
utility^ flexibiitiy. throughput and cost. A 
null aikle h ^u^ indispensable starting point 
for studying the function of owy gene. 
Inserting a reporter gene (J-galactosi- 
dase or green fluorescent protein) allows t 
rapid assessment of which cell type* nor- 
mally support the cxprcs.sion of thai gene. 
Therefore* we propose to produce a nuJl- 
reporter allele for each gene. Making each 
mutation conditional in nature by adding 
cw'clcmcnis <e.^., lixxP or FRT site*) would 



be dcsir;ibtc, but we do not advocate this -ah 
part of the mutagen-csls strati^gy unless the 
technological Umitatiorts currently as^^ixi- 
atcd with general in^g conditional targeted 
mutalbns on a large scale and in a cost* 
effective manner can be overcome. 

A coft^ination oC melhaii$ «hou!d he us«d 
Various methods can he used to cieate 
mutated alleles, including gene target tngr 
gcive trapping and ItMA interference. 
Advantages of conventiojial gene Urgetinjj 
include nexibilicy in design of alleles, lack of 
limitation to integration hot spots, reliability 
ftsr producing ccmplctc los$-of-func»ion alle- 
les, ability to produce reporter knock* ins and 
conditional alleles, and ability to target splice 
variants and alternative promoters. BAC- 
based laigcting has the {>otenttal advantages 
of higher rcmmbtnation cfSciendes and flex- 
ibility for producing complex muuted alle- 
les**. Gene trapping is rapid, is cotst-cffeaive 
and produces a large variety of inscrtioaal 
mutations throughout the genome but can be 
somewhat less fJexibl*^''^*'^'. Thttt is uncer- 
tainty regarding the percentage of gene traps 
that produce a true null silicic and the fraction 



of the genome that can ultimately be covered 
by gene-trap muutiorts. Trapping is not 
a^tirdy raniJom but shows preference for 
larger transcription units and genes more 
highly expressed in HS ceOs. In recent studies, 
gene trapping was estimated to potentially 
produce null allelej for 50*60% of all gene*, 
perhaps moie if a variety of gene-trap vectot& 
with different insertion charaaeristtcs i^; 
used'^*^'. RNA interference offers enormous 
promise for analysis of gene funcuon in 
mice*- but not yet sufficiently developed for 
large-scale production of gene modiHcations 
capaUc of reliably producing true null alleles. 
Both gene- targeting and genr-trapping meth- 
ods are suitable for producing large numbers 
, of knockout alleles and, given their complc' 
mcntary advani;i^es« a combination of thue 
methods slvould be tisett to produce the 
genome- wide collection of null-reporter alle- 
Jes most cflUdcntly 

What should lh<^ deliverables be7 

A genome-wide knockout mouse project 
could dclt^Tr to the research community a 
trove of vailuable reagents and data, including 
targeting and trapping constructs and vcc- 
tor£, mutant ES cell lincs^ tive mice, frozen 
vperm, frozen embryos^ phenoiypic data at a 
visrieiy of tevebi and detail, aisd a databajse 
with data viiUAliration and mining tools. At a 
mintjnum, we believe that a comprehensive 
genome-wide re^urce of mutant £S cell lines 
from an inbred iXtHnr eadi with a different 
g<'iic knocked oui^ ithould be produced and 
made availabk to the community Choosing 
an inbred line (129/SvEvTac or C57BU6I). 
and evaluating the alternative of using F, ES 
cells and tetra(>loid aggregatioti to provide 
potential time savings, merits addiliona( ^ci- 
entsfic re\*i«w and discussion'^^. ES cells 
sliould be converted into mice at a rate con- 
sistent with project funding and the ability of 
ihc worldwide scientific community to ana- 
lyze them. Although the value and cost-effec- 
tiveness of systcmalicaUy characterising the 
mice is a matter of debate, a limited set of 
broad mid cost-effective scra-ns, probably 
including asseiimenl of developmental 
lethality, pliytiical e.i:^tninatiou, basic blood 
tests, and histochemical analysis of reporter 
gene expression, would be useful. More 
detailed phenotyping. based on finding!! 
from the intltat screen or existing knowledge 
of tlte gene'* ftmction. could be done at spe- 
ciAlized centers. All KS cell clones and mice 
(as frozen cmbr>*os or sperm) sltould be 
ivailabtc to any researchcf at minimal cost, 
and all mouse phenotyping and reporter 
expression data should be d<^osited into a 
public database. 
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In 4ctcrniining how to implement the pro- 
ject, uttlity t» the research comnmnily jiiould 
be the standaril for juiJging value step 
afta E5 cell gijncrdtion {e^., mouse creation, 
breedings expression analysis, ph^tiotyjiiJig) 
wiU make the rcjourcc uscJiiil to more 
rc:sctirdim but will aUo inac^iic cxs^iiteand sci" 
cintific comple«ly- Wc therefore advocate a 
'pyramid' structure for the project (Fig. 1), At 
the base of the pyramid is the geaome-wulc 
coUectian of niutuit ES cell* for every mouM 
gene* Over lime, a subset of these mulAiU ES 
ctils 5)u>uld be made mta mkt and dharacter^ 
ized with an iniiial phenotype screen (Tier I; 
Fig. 1) and andpis of tissue reporter-gcnc 
expression. A subset of thes« liines sHouM be 
profited by miicroarf ay analj-sis* and a aib"^ of 
these profiled by system-spcdfic (Tier 2) phe- 
notypingr Iwcd on il»e results of the llcr 1 
phcnotyping, array studies, csdsting kiKWv^- 
edge of the gene's function And the genets tissue 
expression pattern. With iimei ibe upper ttef& 
of die pyramid will be filled out, eventually 
transforming ihe pyramid into a cube, with 
inforniation of all types available for all genes. 

This project will require the resolution of 
numerous intellectual propeiiy claims involv- 
ir^g the production and use of knockout mice. 
To dciil with the existing p^itcnts thai cover 
the technologies and processes involved in (he 
production of mutant micc» wc suggest ihata 
'patent pool'^ such as that used tn the semi- 
conductor industry^^ should be generated, 
Sc>rral individuats who represent entities that 
cont rol patents on mouse knockout technolo- 
gies are authors on this pap«, and they agree 
with this approach* We also agree that any 
mutant £S ceils or mice produced should be 
placed immediateiy in the pul^ic domain. 

M«chjmisms and coi^ts 

ES cell prodtKtlon. Autonuted knockout 
cofistruct and ES celE product ton should be 
carried out in coordinated <e:ners lo ertsure 
efficiency and umformity. We estimate that 
most known mouse genes could be knocked 
out in ES ccUs within 5 ycars^ usiug a combina* 
tion of gene'irapping And gt^ne* targeting tecJi- 
niqucs. Gene trapping can produce a Urge 
number of mutated alkies quickly* but its 
progress should be monitored closely to deter- 
mine when its yield of new genes diminishes'^ 
and» therefore, when targeting should be 
inaeaiingly relied on. As targe -scale trapping 
projeas have already defined gene classes tliat 
probably cannot be knocked out by trapping 
sttsgic-exon OPCHs, genes that ire not 
expressed in US cells)> we propose ih^t target- 
ing begin on those classes immcdiatdy. All £S 
cells should be made availaUe to the research 
community, because this collection itself 



would be a valuable resource, Bfforts in the 
public and private sectors haw aircady 
knocked out many genes m BS cdls* and^ to the 
d^ce that the alleles produced fit the pre- 
scribed characteristics (i.e., null aUeles with a 
reporter) and are availabic* every eSfon should 
be made to incorpiuale these in JO the planned 
public resource. Costs for generating this part 
of the resource estimated at between 
$9-1 1 million/year for ^i^■e>Tar^ (these and all 
subsequent figures are dUect cost?). 

Mouse productio(>. The subset of ES cells 
made into mice each year should be chosen by 
a peer-review process. Central facilities for 
high-efficiency mouse production, gcnoiyp- 
ing, breeding) maintenance and archiving 
should be ^nded» to take advantage of effi- 
ciencies; of scale in mouse creation and distri- 
bution. Researchers could apply to produce 
groups of mice outside the cen!er«i, as Idrtg as 
Ihey meet the cost specifications of the pro- 
gram. All mice should be made available 
imnicdiatdv to rcsccirchcrs as frozen embryos 
or sperm* for nominal distribution cost. An 
initial target of 50O new mouse lines per year 
v^^uld double the current rate at wltidi new 
genes are knocked out in the public sector; we 
feel that this rate is within the capacity of the 
biomedical research community wcMrldwIde 
to absorb and analyzCv We estimated the ini- 
tial cost of this tcvet of mouse production to 
be $12,5-15 million per year. 

Reporter tissue expression analysis. 
Approximately 30 tissues ftoti) adult and 
developmental stages should be sampled to 
cover the main otgan systems. Anal)'sis meth- 
ods should be cuslomircd to the organ s^'stcm 
and marker, and a searchable database of the 
tites of gene expresaion, and the images shmv- 
ing them, should be produced. Centers to 
carry out these analyses and. data curation 
should be selected by peer review. We esti- 
mated the cost of tliis component fur 300 
mouse lines to be $2.3-5 million per year, 
depending on how much tissue sectioning and 
ceil-level analysts is done. 

Phenotyping. Tier 1 phenotyptng should 
be a tow-cost icrncn for clear phenotypcs and 
should be done on all mouse lines produced. 
Tiei i should include home cage observation » 
physical examination, blood bematolugtcal 
and chemistry proxies, and skeletal Ta<li- 
ographs. The centers producittg the mice 
should carry out the Tier J arialyscs, at on est l- 
mated cost of 12*5 million per year for 500 
lines. Selected lines, chosen on the basis of 
fmdings from Tier t phcnotyping, tissue 
expression patterns, mtcroarray data and the 
sc)cntir4C liter aru re, should undergo more 
detailed and system- focused Tier 2 phenotyp- 
ing. Tier 2 phcnotyping should be done in 



specialized phcnotyping centers^ akin to those 
already in c^eration for phcnotyping of mice 
produced by ENU mutagenesis. Ail Her 1 and 
Her 2 jphenotyping should be done on a uni* 
form genetic background by dedicated groups 
of individuals in single locations, to fadliiiite 
ccuwistcncy and cross- comparison of results 
among different mouse lines. All Her t and 
Tier 2 phcnot>'ping results should be 
deposited into a central projecl database fredy 
accessible to the research community. More 
detailed and spcctaltzed phcnotyping could be 
done by individual researchers in their own 
laboratories; deposition of this more detailed 
plienotypc data would be encouraged, 

Transcriptome analysis. Traascriptomc 
ppofilisig of tissues from cadi knockout Itnc^ 
ccUected in a uniform way across all mice and 
tisbues and placed into a searchable relational 
database, would add substantially lo the set- 
enfific %'alu< of the project, though it would 
also add coitsiderably to its . cosl 
Traiiscrtptorne analysis should therefore be 
done on a subset of mice, chosen by peer 
rcviewf. We estimate that* with the hcst cur- 
rently available arr^y technology, an ana]>*si$ 
often tissues would cost -$ Ifi ^000 per line. 

Concisions 

This project, tertiativdy named the Knockout 
Mouse Project (KOMP), will be a crudal step 
In harnessing the power of the genome to 
drive biomedical discovery. By creating s 
publicly available resource of knockout mice 
and phcnotypic data. KOMP will knock 
down barriers for biologists to use mouse 
genetics in their research. The scientific con- 
sensus that we achieved — that a dedicated 
project should be untie rtakcn to produce 
mutant mice for all genes and place them 
into tSic public domain — is important but is 
only the beginning. Implementation of these 
rccommendalions will require additional 
input from the greater scientific community, 
including those responsible for program- 
matic direction and financial support of bio- 
mcdic;al research in the public and private 
sectors. This ambitious and historic inttiattve 
must be carried out as a collaborative effort 
of the worldwide scientific community, so 
that all can contribute their skills, and all can 
benefit. International discussions among sci- 
entific and programmatic staffs since the 
Banbury meeting at Cold Spring Harbor, in 
both the public and private sectors, have 
shown that there Is great endiusiasm and 
commitment to this vision. The oext step for 
KOMP will be lo move this vtsionaiy plan 
from conceptualization to implementation, 
with an urgency befitting the benefits it will 
bring to science and medicine. 
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